De®ciencies of dietary calcium and=or vitam in D will cause hypocalcaem ia, leading to metabolic bone disease. T he disease commonly affec ts young rapidly growing animals and this is a report of the condition in a colony of rhesus macaques (Ma ca c a m ula tta ). A clinical problem of metabolic bone disease was seen in 1993, when it was treated and resolved satisfact orily. However it recurred in 1999 following changes in management and husbandry of the colony, at which time the clinical manifestations were more serious. T he animals had bowed tibia, ®bula, radius and ulna and enlarged epiphyses, were reluctant to climb and jump, had a`hopping' gait and poor growth. T he syndrome had a multifactorial aetiology involving a combination of staff and management changes, a borderline nutritional de®cit, a lack of daylight for production of vitam in D, and a possible familial predisposition.
Metabolic bone disease can be due to nutritional secondary hyperparathyroidism which leads to extensive osteoclastic resorption of bone and formation of ®bro-osseous tissue, caused by the prolonged and excessive secretion of parathyroid hormone (PT H). T his hyperparat hyroidism is often secondary to nutritional and metaboli c changes which lower the plasm a calcium, thereby stim ulating the synthesis and secretion of PT H. T he common causes of nutritional secondary hyperparat hyroidism are de®ciencies of dietary calcium and=or vitam in D and excess dietary phosphorus, each of which will cause hypocalcaemia (Palmer 1993 ) . T he condition is known to occur in humans, monkeys, dogs, cats, pigs, goats and horses (Palm er 1993) as well as in a wide range of other species including dromedary cam els (Lync h e t a l. 1999), opossum (Long e t a l. 1975 ) , lion cubs (Van Rensburg & Lowry 1988 ), dolphins (Flom e t a l. 1978 ) and kinkajous (Garma-Avina & Torres-Montoya 1998). T he disease commonly affects young rapidly growing animals. T his report describes the condition in a colony of rhesus macaques (Ma c a c a m ula tta ), associated with a low dietary calcium, and an inability to produce vitam in D due to environmental factors, superimposed on an apparent fam ilial susceptibility.
Materials and methods

Histo ry
In 1992 Oxford University's breeding colony of rhesus macaques consisted of 39 breeding females, mostly housed in single cages in accordance with the UK Home Of®ce Code of Practice for the Housing and Care of Animals used in Scienti®c Procedures under the Animals (Scienti®c Procedures) Act 1986. All the animals were housed indoors at 15±24 C with 10±12 air changes per hour and an ambient light =dark cycle with natural daylight through opaque glass windows. T he anim als were weaned at 5±7 months of age provided they were more than one kilogram in weight, in accordance with UFAW recommendations (Poole 1999 ) . Changes in husbandry were introduced in late 1992 to improve the environment and welfare of the anim als which included changing from single housing to social group housing. Items of environmental enrichment were placed in the cages, including forage feeding on trays over the grid¯oors. T he forage mix components included peanuts in the shell,¯aked maize, dog biscuits, locust bean, sun¯ower seeds, pine kernels and dog chocolate drops made up according to Davys (1995) .
C linic a l ® nd ings
In 1993 there were 56 breeding fem ales which produced 38 offspring. A clinical problem affect ing four juveniles in the post-weaning period was noticed at a routine health screening exam ination: the tibia, ®bula, radius and ulna were all found to be bowed, and enlarged epiphyses and costochondral junctions were recognized. T he affect ed anim als were Kitty, Chris, Joe and Jim , with their parental details shown in Table 1 . Details of the clinical biochemistry of Jim are presented in Table 2 . Normal values for comparison are taken from reference ranges established by Vet Diagnostics Ltd (Hen®eld, West Sussex, UK). T he ®ndings were consistent with a diagnosis of metabolic bone disease. In order to encourage a greater uptake of monkey diet (SDS old world monkey diet ), the tim e of day that the forage mix was given was changed so that the diet was given at the ®rst thing in the morning, with fruit at mid-day and forage mix in the afternoon. Boiled eggs in their shells were included in the forage mix to increase the amount of calcium in the diet. T he problem resolved satisfactorily and all four anim als improved clinically. In 2002, Jim and Kitty are in the breeding colony, and In 1998 some further husbandry changes were introduced. T he entire colony was relocated to a facil ity about 100 miles away from management staff, with new technical staff on site. New members of staff were fully briefed on the managem ent systems for the colony. All the cages were put onto solid oors, with foraging in deep litter substrate. T here was increased provision of environmental enrichment toys, and weaning was moved to 9±12 months. Some animals were released from the cages altogeth er so that 40% of the animals had more than 130% more avai lable space and were in open plan rooms. T his facil ity was also indoors but with no natural daylight, and there was a failure to change the existing¯uorescent lighting tubes for daylight tubes, which went unnoticed. By 1998 the colony size had increased and there were now 110 breeding fem ales, which produced 55 offspring that year. A further clinical problem began to emerge in 1999, which affec ted ®ve juvenile male animals that year. T hese anim als had bowed tibia, ®bula, radius and ulna and enlarged epiphyses, were reluctant to clim b and jump, had a`hopping' gait and poor growth. T he animals affected were Gren, Galen, Glyn, Giles and Garlic. T heir clinical biochemistry details, from samples taken when clinical signs were seen, are shown in Table 2 from which it can be seen that they were hypocalcaemic. ALP levels are always high in rapidly growing juvenile animals but these were at the pathological level. Two of the anim als (Gren and Garli c) had high urea but low creatinine levels, re¯ecting the catabolism and decrease in muscle mass that were found clinically. Gren, Giles and Garlic were all considered to be too severely affec ted to be treated, as their potential future as either breeding or experimental anim als was felt to be adversely compromised. T hey were killed following terminal anaesthesia for blood and tissue harvesting for in vitro experiments. At postmortem exam ination the long bones were seen to be severely bent. A diagnosis of metabolic bone disease was made.
Glyn and Galen were both treated with increased oral calcium, presented as hard boiled eggs in their shells and Pet Cal tablets (calcium phosphat e 2.04 g ‡ cholecalciferol 5 mg, P®zer, Sandwich, Kent, UK) 1=2 tablet once daily. T hey were removed from their peer group daily for feeding and were supervised individually to ensure that they took adequate am ounts. T his treatm ent continued for 6 weeks. T he diet for the entire colony was changed from SDS to Teklad diet to increase the dietary levels of calcium, phosphorus and vitam in D (see Table 3 for a complete comparative analysis). Dayli ght spectrum tubes were put into each primate room and the juvenile animals were closely monitored and weighed regularly to ensure that they were growing satisfac torily.
Despite these changes in management, the following year two more animals, Hugh and Hall, were noticed to be mildly affec ted at a routine screening as they each had bowing of the tibia and ®bula. All the affect ed animals' parental details are shown in Table 1 , from which it can be seen that all but one of them in the 1999 =2000 episode had the same father (T hor). T he genealogy for anim als from T hor's family group is shown in Fig 1.   Fig 1 Genealogical analysis of the affected 
animals of Thor
Discussion
Metabolic bone disease is a term given to disorders where there is a defect in bone mineralizat ion. T he changes result from inadequate or delayed mineralization of the cortex and medulla, and disturbanc e of the normal development and mineralization of the growth plate prior to epiphyseal fusion is seen in juveniles (Grech e t a l. 1985 ) . T he nature of the deform ity seen depends on the age at which it develops, since posture and activity vary with age and the different bones mat ure at different tim es (Resnick 1995 ) .
Metabolic bone disease is not an inherited disease, but a familial susceptibility may be a factor in some cases (Palmer 1993) . It is produced by diets poor in calcium and relatively rich in phosphorus. T he pathological changes result from the hypocalcaemia promoting excessive secretion of parathyroid hormone (PT H), which stim ulates the conversion of 25-hydroxyc holecalciferol (25O H vitam in D ) to 1,25-dihydroxyc holecalciferol (1,25 vitamin D ) . PT H and 1,25 vitam in D raise blood calcium levels by increasing the rate of calcium absorption through the small intestine, increasing the rate of renal tubular resorption of calcium ions, and increasing the rate of bone resorption. Vitamin D is an essential factor in whole body calcium homeostasis, and maintenance of an adequate level requires exposure to sunlight. A de®ciency will result in inadequate calcium absorption from the gut and abnormal bone growth and turnover, and will be aggravated when dietary calcium levels are low (Palmer 1993 ) .
In this series of cases there was an underlying marginal dietary de®ciency of calcium caused by the tendency of the animals to prefer the forage mix to the manufac tured diet. When the forage mix was ®rst introduced in 1993, it produced the mild cases of metabolic bone disease that were ®rst seen, and these responded satisfact orily to the management changes that ensured the animals took an adequate am ount of a balanc ed diet. However, when the anim als moved to the different facility, the forage mix became a more substantial component of the diet as they were kept on solid¯oors and no mix was lost through the grids. In addition to this, there was also a decrease in the animals' ability to produce adequate levels of vitam in D, caused by the failure to change the¯uorescent lighting tubes in the animal rooms to dayli ght spectrum tubes. T he clinical signs were alleviated by the change from SDS old world monkey diet to Teklad Global 20% protein primate diet which contains higher levels of calcium, phosphorus and vitam in D, and by the replacement of the lighting tubes.
Superimposed on these two causal factors, there may also have been a fam ilial tendency to the condition through the paternal line of T hor. A possible fam ilial fact or in the aetiology of the condition in a group of German Shepherd puppies has also been reported (Kawaguchi e t a l. 1993 ). T here is also a fam ilial predisposition towards a condition in humans known as Mseleni joint disease which is associat ed with low serum calcium levels possibly associated with a dietary cause and has been reported in several hundred people in a remote region of Zululand (Fincham e t a l. 1985 , 1986 , Bal lo e t a l. 1996 . T here is no evidence that any of these conditions, nor the case reported here, have a genetic component.
In this particular series of cases a multifactorial aetiology is implicated which involves the changes of staff=management, a borderline nutritional de®cit, a lack of daylight for the production of vitam in D, and an apparent fam ilial predisposition. T he outcomes from this case are that procedures are regularly reviewed for feeding regimes and quantiti es, there are standard operating procedures for changing the lighting tubes, the weight and growth of the animals are monitored more closely, and T hor is no longer used as a breeding male. Ac k no w le d gm e nt Mr R. Gum brell of Rest Associates for pathological advice is gratefully acknowledged.
